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Abstract
The	 review	presents	 the	definitions,	 the	main	 concepts	and	vision	 for	Bioeconomy	versus Green	










the	entrepreunership	culture	and	their	role	as	knowledge	and	innovation	disseminator,	filling	the	gap	research -invention -innovation.  
Keywords: bioeconomy, green economy, EU strategy, Horizon 2020, biorefinery, education and 
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INTRODUCTION
Bioeconomy versus Green economy: con-
cepts and vision. The	 bioeconomy	 concept	
represents	 „a	 vision	 for	 the	 future	 society”	 to	
become	less	dependent	on	fosil	resources	and	to	
provide	 energy	 and	 added-value	products	 (food-
feed-fibers,	 industrial	 and	 health	 products)	 by	
a	 sustainable	 use	 of	 bioresources.	 Bioeconomy	
definition,	 as	 defined	 in	 EU	 documents,	 means	
the	„production	of	renewable	biological	resources	
(biomass)	 and	 their	 conversion	 to	 food,	 feed,	
bio-based	 products	 and	 bioenergy”	 (European	
Commission,	 2005,	 2011,	 2012,	 2013;	 Trigo	 et 
al.,	 2013).	 Renewable	 biomass	 encompasses	 any	




for	 biomass	 production	 and	 conversion	 was	
recently	reviewed	(Diaz-Chave	Rocio	A,	2010).	
The	large	technological	areas	included	in	the	
bioeconomy	 concept	 are:	 agriculture,	 forestry,	
fisheries,	food	and	pulp/paper	production,	as	well	
biotechnology,	 chemical	 and	 energy	 industries	 
(European	 Commission,	 2012).	 Nowadays,	
bioeconomy	 has	 an	 annual	 turnover	 of	 about	 2	
trillion	EURO	and	employs	more	 than	22	million	
people	(9	%	of	total	EU	workforce).
The	 four	 pillars	 of	 Bioeconomy	 are:	 Food	
production	and	processing	(1),	Value-added	food	
and	 health	 products	 (2),	 Agri-environmental	
products	 and	 services	 (3)	 and	 Energy	 and	 bio-
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processing	 (4).	 These	 pillars	 need	 sustainable	
bridges	 between	 different	 sectors	 and	 ares,	 as	
des	cribed	 below	 (Fig. 1)	 (www.biofuelstp.eu/
bioeconomy).
A	 complex	 picture	 of	 the	 biological	 systems	
contributing	 to	 bioeconomy	 development	 as	
well	 the	 responses,	 demands	 and	 impacts	 of	
bioeconomy	are	presented	in	Figure 2.
The	 mature	 and	 sustainable	 Bioeconomy,	
under	development	worldwide,	must	offer	global	
food	 security,	 improved	 nutrition	 and	 health,	 to	
create	 smart	bio-based	products	 and	biofuels,	 to	
help	 agriculture,	 forestry,	 aquaculture	 and	 other	
ecosystems	to	adapt	to	climate	change.	
Green economy  driven	 by	 the	 “3F”	 crisis	
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gra	ted	 bioeconomy	 concept,	 being	 based	 on	 six	
sectors:	 Renewable	 energy,	 Green	 buildings,	
Sustainable	transport,	Water	management,	Waste	
management,	Land	management.	Green	economy	
includes	 energy	 generation	 based	 on	 renewable	





decades,	Europe	must	ensure	a	safe,	healthy	and	prosperous environment for current and future 
generations,	addressing	these	three	major	pillars	
which	can	change	our	life.	
Greening	 the	 economy	means	 “reconfiguring	
businesses	 and	 infrastructure	 to	 deliver	 better	





The	 Global	 Green	 Economy	 Index™	 (GGEI)	
measured	 in	 2013	 (UNEP,	 2011)	 revealed	 the 
perception	 and	 performance	 of	 27	 EU	 green	
economies	and	3rd	party	indicators	and	datasets,	
published	 a	 white	 paper	 „Communications	 &	





and	 national	 strategies,	 to	 domestic	 policies	 and	
promotion	 of	 renewable	 energy	 and	 to	 green	
growth	in	home	market,	and	green	tourism.
BIOECONOMY: EUROPEAN STRATEGY 
AND ACTION PLANS
Recently,	 the	 European	 White	 Paper	 of	 the	
Bioeconomy	 (BECOTEPS,	 2011)	 addressed the 
societal	 challenges	 and	 the	 vision	 for	 2030,	
together	with	a	set	of	policy	recommendations	to	
be	achieved.	It	is	the	result	of	a	collaborative	effort	















7.	 Agricultural	 Engineering	 and	 Technologies	
(AET)	 ManuFuture	 subplatform	 http://www.
manufuture.org/manufacturing
8.	 European	 Aquaculture	 Technology	 and	 Inno-
vation	Platform	(EATIP),	http://www.eatip.eu






and	 have	 regularly	 open	 meetings	 with	 their	
stakeholders,	 to	 elaborate	 common	 themes	 and	joint priorities across the diverse sectors of EU 
Bioeconomy.	The	ETPs	 inputs,	 complement	 their	
Strategic	 Research	 Agenda	 (SRAs)	 (KBBE-2008-
226526	 (BECOTEPS	 (2011). The	 bioeconomy	
strategy	and	action	plan	is	presented	bellow	(Table 
1)	 according	 to	 the	 last	 European	 vision	 (2012	
and	2013)	as	well	the	requirements,	research	and	
economy/policy	needs	 and	 aims	 to	 find	 the	best	
way	towards	a		sustainable	bioeconomy	(Table 2)
A	 coherent	 strategy	 and	 action	 plans	 at	
European	 level	 need	 to	 consider	 all	 synergies	
between	bioeconomy-related	policies	and	strategies	
in	 member	 states	 and	 worldwide,	 especially	 in	
emerging	economies,	as	described	in	Table 3.
The	European	2020	Strategy	allows	a	crucial	
role	 of	 research	 and	 innovation	 in	 preparing	
the	 future	 challenges,	 coupled	 with	 CAP	 reform	
package	 where	 innovation	 plays	 a	 key	 role	 as	
well	 in	 fields	 like	 food	 security,	 bioeconomy	
and	 sustainable	 agriculture.	 The	 Europe	 2020	
flagship	 initiative	 “Innovation	 Union”	 specifies	
EIP	(European	 Innovation	Partnership)	as	a	new	
tool	 for	 fostering	 innovation,	 as	 a	 research&	
innovation-based	program	of	collaboration	across	
Europe,	focused	on	„Agricultural	Productivity	and	




of	 research	 to	 market	 when	 compared	 with	 its	
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Table 1. The	bioeconomy	strategy	and	action	plan	(European	Commission,	2012)
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Table 4.	Main	Priorities	and	actions	to	be	followed	in	2014	by	the	European	Bioeconomy	









Special	 focus	 on	 Horizon	 2020’s	 ,	 Public	 Private	 Partnership	 for	 the	 Biobased	
Industries	and	the	Knowledge
Innovation	Community	on	Food4Future,	a	cross-sectoral,	challenge-based	approach	
to	 support	 all	 steps	 in	 the	 research	 and	 innovation	 chain,	 translating	 the	 pre-
competitive	research	results	into	market-ready	innovations



















European	 industries	 –	 especially	 in	 the	 more	 mature	 bioeconomy	 sectors	 –	 are	
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worldwide	 competitors	 	 such	 as	 China,	 the	 US,	
India	and	Brazil.	Until	now,	EU	takes	 	too	long	to	transform research and innovation results into 
marketable	 products	 (http://www.europabio.
org/	 ).	 The	 main	 priorities	 and	 actions	 to	 be	
followed	in	2014	are	presented	in	Table 4.
BIOECONOMY AND AGRICULTURE 
ORIENTATIONS
Agriculture	 is	 the	 main	 sector,	 connected	
strongly	 with	 bioeconomy,	 as	 presented	 by	
the	 vision	 document	 SCAR	 (2012).	 The	 EU	
strategy	 by	 the	 new	 PAC	 and	 EIP	 (see	 Table	 3)	
reinforce	strongly	the	role	of	bieconomy-oriented	
agriculture	 as	 presented	 in	 Table 5	 (	 data	 from	
Dublin	stakeholders	conference,	2013).
According	 to	 Table	 5,	 one	 can	 discriminate	
between	 the	 conventional	 agricultural,	 food/
fiber	oriented	systems	and	the	new	bioeconomy-
oriented	system,	involving	Know-how,	innovation	
and	technology	 involvement,	with	 improved care 
for	biosafety	and	consumer	protection.	
Recently,	 Rosegrant	 et al.	 (2013)	 reviewed	
the	 main	 challenges	 related	 to	 water	 and	 food	
in	 the	 bioeconomy	 and	 Henry	 and	 Trigo	 (2010)	
reflected	 the	 main	 aspects	 of	 the	 Knowledge	
Based	 Bioeconomy,	 from	 large	 scale	 experiences	
to	 instruments	 for	 rural	 and	 local	 development,	
underlying	the	role	of		innovation	and	sustainable	development.
“Food,	Agriculture	and	Fisheries	and	Biotech-
nology”	 (2007-2013)	 represented	 one	 of	 10	
thematic	 areas	 in	 the	 Cooperation	 programme	
of	 the	 European	 7th	 Framework	 Programme	








For	 example,	 Roca	 et al.	 (2004)	 reviewed	 the	
agricultural	 applications	 of	 biotechnology	 and	
the	 potential	 of	 biodiversity	 valorization	 in	
Latin	 America,	 while	 Potter	 and	 Loffler	 (2010)	
reported	 	 the	Australian	experience	on	 	applying	
biotechnology	 to	 design	 tree	 composition	 for	
value-added	products.	Mathews		(2009)		reported	
the	 integration	 of	 bioenergy	 production	 with	
agricultural	 demands,	 as	 an	 evolution	 	 from	 the	
petroeconomy	 to	 the	 bioeconomy,	 while	 Wield	
et al.	 (2013)	 describe	 the	 global	 challenges	 of	
biological	 knowledge	 for	 health	 and	 agriculture,	
brought	by	the	twenty-first	century	bioeconomy.
BIOECONOMY AND BIOREFINERY FOR 
A BETTER LIFE QUALITY
Biorefinery	involves	cutting	edge	technologies	
to	 turn	 	 renewable	 feedstocks	 into	 bio-based	
products	 such	 	 as	 fuels,	 fibres,	 food,	 feed	 and	
chemicals,	 replacing	 their	 fossil	 fuel	 equivalents.	
Fossil	 fuel	 reserves	 are	 running	 out	 and	 global	
warming	 is	 becoming	 a	 reality,	waste	 recycling	 is	




sources,	 generated	 by	 living	 organisms	 through	
the	 use	 of	 technology	 and	 biotechnology,	 but	
meanwhile	 need	 to	 reduce	 the	 environmental	
impact	of	 economic	growth	by	 increasing	 the	use	
of	 industrial	 and	 urban	 wastes	 and	 developing	
biodegradable	goods	(Duchesne	and	Wetzel,	2003).
Production	 and	 development	 of	 these	 new	
bioproducts	 are	 based	 on	 biorefinery	 concept:	
plant	constituents	are	extracted	and	functionalized	
to	 produce	 food	 (or	 non-food	 products),	
intermediate	 agro-industrial	 products	 and	
synthons	 (Federal	 Min.	 Education	 and	 Research,	
2012).	Three	major	domains	 are	 focused	by	 this	
strategy:	 to	 obtain	 molecules,	 materials	 and	
energy.	Molecules	to	be	used	as	solvent	surfactants	
or	chemical	intermediates	in	substitution	of	petrol	
derivatives,	 e.g.	 	 fibers	 like	 cellulose	 valorized	 in	
composites	 (Keijsers	 et al.,	 2013).	 Sugars	 and	
oils	 are	 currently	 used	 to	 produce	 biofuels	 like	
bioethanol	 or	 biodiesel,	 but	 second-generation	
biofuels	 will	 use	 lignocellulosic	 biomass	 as	 raw	




for	 chemicals	 was	 recently	 reviewed	 by	 Dubois	
(2011).	 Industrial	 biorefinery	 will	 be	 linked	 to	
the	creation	of	new	processes	based	on	the	twelve	
principles	 of	 green	 chemistry	 (clean	 processes,	
atom	economy,	renewable	feedstocks,	etc.).	White	
biotechnology,	 involving	 biotransformations	 (by	
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Plant	 and	 food	 Biotechnologies	 for	 non-
health	 applications	 have	 received	 a	 considerable	
attention	 in	 former	 European	 FP7	 	 projects	 ,	
including	61	projects	on	industrial,	marine,	plant,	
environmental	 and	 emerging	 biotechnologies	
representing	 a	 contribution	 of	 262.8	 million	
EURO	 from	 the	 European	 Commission.	 Outlooks	




2011;	 Clarke	 and	 Zhang,	 2013).	 An	 excellent	example of the European projects related to 
Bioeconomy	is		SAT-BBE	Project,	 	which	aims	the	
design	 	 of	 an	 analysis	 tool	 useful	 to	monitor	 the	
evolution	 and	 impact	 of	 Bioeconomy,	 recently	
published	 as	 a	 report-	 	Overview	of	 the	 Systems	
Analysis	Framework	for	the	EU	Bioeconomy	(Van	
Leeuwen		et al.,	2013)
EDUCATION, RESEARCH & INNOVATION 
IN BIOECONOMY: CONVERTING THE 
VISION INTO REALITY





the	 European	 companies	 related	 to	 Bioeconomy	
have	problems	 for	recruiting	appropriate,	 skilled	
people,	either	due	 to	a	poor	 image	of	 this	 sector	
or	unknown	available	opportunities	among	young	
people.	 Employers	 need	 people	 with	 university	
education	 and/or	 appropriate	 sector	 specific	
training	but	also	with	interdisciplinary	knowledge.	
Special	attention	is	needed	for	the	next	generation	
of	 good	 technicians	 and	 skilled	manual	workers,	
researchers,	entrepreneurs,	managers	and	traders.	
Encouraging	the	mobility	across	Europe	of	young	
researchers,	 entrepreneurs,	 students	 and	 skilled	
staff	from	industry,	as	well	the	cross-recognition	of	
qualifications	between	EU	States,	by		International	





of	 green	 economy	 are	 approached:	 renewable	
energy	 (biofules),	 land	 &	 water	 &	 waste	 mana-
gement,	 biorefinery,	 food	 and	 nutrition,	 animal	
health	and	consumer	protection,	etc.			The	research	
competences	 of	 university	 RTD	 (Research&	
Technological	 Development)	 units	 and	 projects	
are	complemented	with	their	abilities	to	support	
innovations	 and	 give	 consulting	 to	 farmers	 and	
companies,	 as	 well	 to	 evaluate	 the	 economic	
feasibility	for	future	business	in	this	area.	
Among	 the	 first	Actions	 to	 take	 in	European	
Community	 was	 a	 coherent	 “Education	 Action	
Plan”	 covering	all	 sectors,	having	 inputs	 from	all	
relevant	 stakeholder	 groups.	 This	 plan	 includes:	the information of national education authorities 
and	 universities	 about	 the	 future	 needs	 of	 the	
Bioeconomy	for	a	well-qualified	workforce.	
The	 Bioeconomy	 Panel	 of	 Experts,	 recently	
constituted	 by	 European	 Commission	 includes	
representatives	of	all	stakeholders	involved	in	Bio-
economy	strategy	(http://ec.europa.eu/research/
bioeconomy).	 This	 panel	 supports	 interactions	
for	advices	in	implementation	of	the	EU	strategy,	
suggestions	 for	European	 joins	actions	and	mea-
sures,	 monitoring	 and	 evaluating	 the	 progress.	
The	experts	represent	EC	services	(DG	Research,	
DG	 Agri,	 DG	 Environment,	 etc),	 member	 states	
representatives	of	Ministries,	stakeholders	repre-
sentatives	 (research	 and	 education,	 farmers,	
industry	associations,	NGOs,	etc.).	The	panel	offer	
an	 open	 dialogue	 (1)	 between	 policy	 makers,	
researchers,	 stakeholders,	 civil	 society,	 expertise	
through	 ad-hoc	 hearings	 (2)	 from	 working/
advisory	 groups	 and	 committees	 SCAR,	 AG	 for	
LMI	 on	 bio-based	 products,	 EIP,	 PPP	 (Public-
private	 partnerships)	 as	 well	 by	 the	 activity	 of	
Bioeconomy	observatory	(3)	 focused	on	capacity	
mapping,	 technology	 watch,	 market	 monitoring,	
bioeconomy	policy	outlook.	The	PPP	programs	are	
yet	launched		and	can	offer	important	opportunities	
of	 collaborations	 between	 universities,	 research	




published	 a	Communication	 “Innovating	 for	 Sus-
tainable	 Growth:	 A	 Bioeconomy	 for	 Europe”	
(ref.18)	 which	 presents	 the	 Strategy	 for	 Europe	
and	an	Action	Plan	which	includes		the	establish-
ment		of	the	Bioeconomy	Observatory	that	allows	
the	Commission	 to	 regularly	 assess	 the	progress	
and	 impact	 of	 the	 bioeconomy.	 In	 March	 2013,	
the	 European	 Commission’s	 Joint	 Research	
Centre	 (JRC)	 started	 a	 three-year	 project	 to	 set	
up	 the	 Bioeconomy	 Observatory,	 to	 collect	 and	
Bioeconomy	and	green	economy:	European	strategies,	action	plans	and	impact	on		life	quality
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disseminate	 data	 and	 information	 regarding	 the	
three	key	pillars	highlighted	in	the	EU	Bioeconomy	
Strategy:	 Investments	 in	 research,	 innovation	
and	 skills	 (A),	 reinforced	 policy	 interaction	 and	
stakeholder	engagement	(B)	and	enhancement	of	
markets	and	competitiveness	in	bioeconomy	(C).	
Marie	 Curie	 fellowship	 Programs	 will	 be	
also	 continued,	 with	 greater	 encouragement	
for	 young	 moving	 from	 universities	 to	 industry	
and	 then	 return	 to	 academia,	 as	 well	 exchanges	
between	 academia/industry	 and	 the	 media,	 and	
academia/	industry	and	policy/regulatory	bodies.	
Universities	should	promote	the	concepts	of	being	
inventive	 and	 taking	 justified	 risks	 in	 order	 to	
stimulate	 entrepreneurship	 (BECOTEPS	 (2011).	








for	 2030,	 	 bioeconomy	will	 be	 able	 to	 	 deliver	 a	
sustainable	growth	to	address	societal	challenges	
(Langeveld	 et al,	 2010;	 BECOTEPS,	 2011).	 	 Key	
messages	 about	 the	 bioeconomy	 strategy	 in	
Europe,	as	presented	recently	in	Dublin	Conference	
(Bioeconomy	 stakeholders	 conference,	 2013)	
refer	 to	multiple	 aspects	which	will	 characterize	
the	 future	 of	 Europe.	 As	 pointed	 out,	 the	 main	
features	need	to	be:
Diversity:	 multidimensional	 in	 nature,	 invol-
ving	 traditional	 sectors	 and	 a	 broad	 and	 diver-
se	 range	 of	 biological	 resource	 inputs,	 conver-




researchers,	 educationalists,	 policy-ma	kers,	 bio-
energy	 providers,	 NGOs	 and	 civil	 society	 need	 to	involve for a coherent develop ment.
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by	 focusing	 on	 the	 part(s)	 of	 best	 potential,	 in	
order	to	optimise	their	benefits.
Coherence:	 all	 actors	 along	 the	 value	 chain	
must	work	together	at	various	levels	in	a	coherent	manner if it is to achieve its full potential. 
This	 applies	 to	 all	 three	 pillars:	 scientific	 and	
technological	 research	 disciplines	 (1),	 inter-DG/
ministry/region	working	 arrangements	 (2)	 	 and	
public-private	 partnerships	 (3).	 At	 EU	 member	
state	 level,	 synergies	 between	 different	 relevant	
policies	 should	 be	 maximised	 to	 give	 coherent	
messages	to	stakeholders	and	industry.Innovation:	 to	 find	 new	 ways	 to	 connect	
knowedge	to	technology,		opening	up	far	beyond	a	
purely	technology-based	approach	to	innovation.	
Skilling/Reskilling:	 mixing	 the	 existing	
skills	 and	occupations	 (e.g.	 farming,	 fishing,	 etc.)	
with	 new	high-	 and	 low-tech	 skills	 in	 a	 range	 of	






health,	 well-being	 and	 sustainable	 food	 produc-tion. Implies smart and innovative solutions 
and	 technologies	 to	 increase	 productivity	 and	
guarantee	 profitability	 for	 all	 actors/enterprises	and in particular SMEs. 
Awareness	 and	 Communication:	 replacing	
the	lack	of	clarity	about	bioeconomy		by		adequate	
communication	 to	 consumers,	 in	 simple	 terms,	
using	 a	 simple	 language,	 standardised,	 clear	 and	
easily	understandable,	explained	by	an	interactive	
and	iterative	dialogue.	
Security:	 the	 stability	 and	 efficient	 develop-







and	 by	 encouraging	 multi-disci	plinary	 programs,	
innovation	 and	 knowledge	 developments,	 to	
reach	 the	 commercialization	 stage,	 making	 entre-
preneurship	a	desirable	career	option.	Universities	




by	 R&D	 projects	 is	 compulsory,	 to	 ensure	 societal	appreciation of research and innovation related to 
bioeconomy.
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